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ABSTRACT 
The thesis entitled "Detection, determination and 
studies on inorganic ion exchangers" comprises of four 
chapters. The first chapter deals with the general introduct-
tion covering a critical review of the earlier work done in 
this field. The literature survey has been covered upto 1980. 
It contains four tables. Table 1 gives the list of key contri-
butions in the field of chromatography. Tables 2 and 3 have 
been given to arrange the earlier work on inorganic materials 
in a concise manner. A list of saturated and unsaturated 
long chain fatty acids has been given in table 4. The important 
aspects of analytical chemistry in general and the processes 
that involve in particular have also been dealt with. 
In the second chapter, the preparation properties and 
ion exchange behaviour of stannic selenophosphate have been 
described. Samples of stannic selenophosphate have been 
synthesized by mixing 0.05M aqueous solutions of stannic 
chloride, sodium selenite and sodium dihydrogen phosphate in 
different volume ratios at pH = 1. Chemical compositions of 
all these samples have been determined. One of the samples 
having relatively higher ion exchange capacity (1.63 meq/ dry g) 
and higher chemical stability has been chosen for detailed 
study. Distribution coefficients of a number of metal ions 
have been determined in various solvent systems. The 
differential selectivity of metal ions on stannic selenophos-
phate explored the possibility of many important separations. 
As a result fourteen quantitative separations of industrial 
and ^alytical importance have been achieved on the columns 
of stannic selen©phosphate. A comparison of the important 
properties of stannic selenophosphate has been made with 
that of stannic tungstoarsenate, stannic molybdoarsenate, 
stannic vanadophosphate, stannic phosphate and stannic 
selenite. 
Third chapter describes the characterization of long chain 
saturated and unsaturated fatty acids. The method is not only 
helpful in characterizing saturated and unsaturated fatty 
acids but it also differentiates between the Cis and trans 
isomers of the unsaturated fatty acids. A number of saturated 
and unsaturated fatty acids have been subjected to this method, 
A study of interference is done and tolerance limits for 
certain cases are determined. A mechanism which leads to the 
formation of a charged structure, responsible for the production 
of green colour has been proposed. 
In the last chapter, a nev/ spectrophotometric method for 
the determination of Uranium(VI) has been described. The method 
is based upon a new color reaction of Uranium (VI) with 
salicylaldimine antipyrine. Optimum conditions have been set 
for the determination of yX max and was found to be 410 nm. 
Composition of the complex has been studied by Job's method 
of continuous variation and slope ratio methods. Interference 
study has been carried out with several cations and anions. 
The limit of tolerance for different cations and anions have 
been determined. The reproducibility of the method was 
checked by employing two sets of eight replicate determinations 
and percentage error was calculated for each set. Standard 
deviations have been found to be 1.293 and 1.407 respectively 
for 190.4 ug and 95,2 ;ug of Uranium (VI). The stability 
constant of the complex is obtained as 4.751 x 10 . A tentative 
structure of Uranium (Vl)-salicylaldimine complex has also 
been proposed. 
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C h a p t e r I 
INTRODUCTION 
INTRODUCTICN 
Analytical chemistry is one of the fastest growtng fields 
in the area of chemical technology. The actual use of a 
particular substance depends largely on its chemical analysis. 
Prior to a chemical analysis, separation of different 
constituents in a given sample is of the primary concern for 
an analytical ch^nist. The methods generally used for the 
separations include distillation, extraction, precipitation, 
crystallization, dialysis, diffusion, etc. Berg has given 
a concise accoxont of such methods in his book entitled, "Physical 
and chemical methods of separation"(1). However, chromatography, 
ion exchange and electrophoresis are the modern and most 
versatile analytical techniques for the purpose. Chromatography 
is a separation method in which a mixture is applied in a 
narrow initial zone to a stationary, porous sorbent and 
components are caused to undergo differential migration by 
the flow of the mobile phase, a liquid or a gas. The history 
of chromatography is outlined by the chronological listing 
of some of the key contributions as shown in Table 1. 
The two major classifications of chromatography are liquid 
chromatography (LC) and gas chrcmatography (GC). In the 
former a liquid carries the dissolved solutes through the 
sorbent which can be column, paper or thin layer. In the 
Table 1 
Some of the key contributions in the field of 
chromatogr aphy 
Year Contributors Contributions 
1848 
1850-1900 
1876 
1892 
1903-1906 
1930-1932 
1935 
1938 
1938 
1939 
Way and Thompson 
Runge/ Schoenbein 
and Geoppelsroeder 
Lemberg 
Reed 
Tswett 
Karrer, Kuhn and 
Strain 
Holmes and Adams 
Reichstein 
Izmailov and 
schraiber 
Brovm 
Recognised the phenomenon of 
exchange in soil. 
Studied capillary analysis on 
paper. 
Illustrated the reversibility 
and stoichiometry of ion exchange 
in Al-Silicate minerals. 
First recorded column separation 
tubes of kaolin used for 
separation of FeCl from CuSO.. 
Invented chromatography with use 
of pure solvent to develop the 
chromatogram; used mild 
adsorbents to resolve chloro-
plast pigments. 
Used activated lime, alumina 
and magnesia adsorbents. . 
Synthesized synthetic organic 
ion exchange resins. 
Introduced the liquid or 
flowing chromatograms. Thus 
extending application of 
chromatography to colorless 
substances. 
Discussed the use of a thin 
layer of unbound alumina spread 
on a glass plate. 
First use of circular paper 
chromatography. 
(Contd.) 
Table 1 (Contd.) 
Year Contributors Contributions 
1940-1943 
1941 
Tiselius 
Martin and Synge 
1944 
1947-1950 
1948 
1951 
1952 
1956 
Consden, Gordon 
and Martin 
Boyd Tompkins, 
Spedding, Rieman, 
and others 
Lederer and 
Linstead 
Kirchner 
James and Martin 
Sober and Peterson 
Devised frontal analysis and 
method of displacement deve-
lopement. 
Introduced coliomn partition 
chromatography. 
Fdrst described paper partition 
chromatogr aphy 
Applied to various analytical 
problems. 
Applied paper chromatography 
to inorganic compounds. 
Introduced thin layer chroma-
trography as it is practiced 
today. 
Developed gas chromatography. 
Prepared first ion exchange 
celluloses. 
1956 
1959 
1964 
Lathe and Ruthvan 
Porath and Flodin 
Moore 
Used natural and modified 
starch molecular sieves for 
molecular weight estimation. 
Introduced cross-linked 
dextran for molecular 
sieving. 
Gel permeation chromatography 
developed as a practical 
method. 
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latter an inert gas (carrier gas) carries the gaseous mixture 
through the sorption column. Within each of these major 
divisions^ subdivisions based on the stationary phase are 
designated. Thus gas solid chromatography (GSC) involves a 
column packed with an adsorbent, and gas liquid chromatography 
(GLC) involves a solid coated with a stationary liquid as the 
sorbent. Liquid chromatography in coliimns can be liquid-solid 
chromatography (LSC) or liquid-liquid (partition) chromatography 
(LLC). If the solid stationary phase is an adsorbent, the 
process is called liquid adsorption chromatography. If it is 
an ion exchange material/ either organic or inorganic, it is 
termed ion exchange chromatography (IXC). If it is non ionic 
polymeric gel (e.g., polystyrene or sephadex), the teinn gel 
permeation chrcanatography (GPC), gel filtration or molecular 
exclusion chromatography is used. Other subdivisions of non-
column liquid chromatography are paper chromatography (PC) and 
thin layer chromatography (TLC). The most modern analytical 
technique is termed as high performance liquid chromatography 
(HPLC). 
Ion exchange chrcsnatography has become one of the most 
important analytical techniques these days. Rapid and accurate 
determination of constituents or contaminants of alloys of 
ccxnplicated composition, pharmaceutical, biological substances 
and fission products of radio active elements has become 
possible with ion exchangers. The ion exchange method is simple 
and therefore readily accessible to the practicing analyst. 
As ion exchangers are water insoluble substances/ they can 
be used advantageously for changing the ion composition of 
solutions without introducing further undesirable ions or 
substances. They form a separate phase and can therefore 
be easily separated from solution. Their use provided 
scientists new methods which led to the solution of previously 
unsolved problems. The ion exchanger made possible the 
isolation of prometheum(2) and the analytical and technological 
separation of rare earths. In general,we can say that whichever 
pair of elements ane can choose from the periodic system (except 
the inert gases) they can be separated using ion exchanger. 
Classical methods of analysis such as precipitation/ filtration/ 
etc. involve long and complicated separation operations. But 
using ion exchangers, separations can be carried out v/ith a 
smaller amount of the sample within a shorter time and the 
components can be subsequently determined using rapid 
instrumental or titrimetric methods. 
Ion exchange process is not of recent origin. Already in 
the most ancient literature references can be found to the 
description of ion exchange processes. Moses(3) wrote that in 
the time of wanderings/ his people made drinkable the undrinkable 
bitter water by using pieces of wood. Aristotle(4) suggested 
filtration through certain types of soil for the improvement 
of sea water. These processes were however studied scientifically 
only in the middle of the last century when different soils 
were investigated. Thompson(5) and Way (6) observed that the 
calcium and magnesium ions of certain types of soil could be 
exchanged for potassium and ammonium ions. Later Eichorn(7) 
showed that the ion exchange properties of solids arise from 
zeolites. The first synthetic aluminium silicate based ion 
exchanger was made by Harms and Rumpler(8) in 1903. In the 
field of industrial production and technical applications of 
ion exchangers Gans(9). did the pioneer work. The first 
industrial product applicable for technical purposes was 
sodixim permutite which was produced by fusing a mixture of clay 
minerals and alkalies. Polin and Bell (10) made the first 
application of synthetic zeolite for the collection and 
separation of ammonia from urine. Thus the early ion exchangers 
were largely inorganic in nature. Later on organic resins were 
developed and used extensively because of their reproducible 
behaviour and stability in the wide range of pH. Samuelson 
was the pioneer in the field of analytical applications of 
synthetic resin-based ion exchangers. His first communication 
on this subject was published(11) in 1939. The first polymeri-
sation type ion exchanger was produced by D'Alelio(12) in 1945 
and the first ion exchange membranes were produced by Juda and 
McRae(l3). Organic resins have high mechanical and chemical 
stability. However, they decompose at elevated temperatures 
and under the presence of strong radiations. It was due to this 
reason that the interest in the inorganic ion exchange 
materials was revived. During the past 20 years the studies on 
synthetic inorganic ion exchangers have been extensively made. 
Kraus and his research group (14,15) at Oak Ridge National 
Laboratory and C.B. Amphlett(16,17) in the United Kingdom did 
the excellent work on these materials at the initial stage. 
Clearfield(18,19) and Albert!(20,21) have also done some very 
good work on different aspects of synthetic inorganic ion 
exchangers. In India, Qureshi and his research groups have 
prepared a large number of such inorganic materials and studied 
their ion exchange behaviour during the last 15 years. Other 
groups which are engaged in this field of research and whose 
work is of significant interest are of Tandon at Roorkee and 
of De at Shantiniketan. 
As such, these materials have become the well established 
ion exchangers and are frequently being used in the following 
fields: 
i) Removal of water and air pollution, 
ii) Separation of organic substances, 
iii) Separation of metal ions, 
iv) Preparation for artificial kidney machines. 
v) Preparation of ion selective electrodes, 
vi) Preparation of fuel cells. 
Synthetic inorganic ion exchangers may be classified in 
the following four categories; 
i) Poly basic acid salts, 
ii) Heteropoly acid salts, 
iii) Hydrous oxides, 
iv) Metal ferrocyanides. 
The materials of the first category are produced by mixing 
the acidic oxides of the metals belonging to IV, V and VI 
8 
groups of the periodic table. They are extremely insoluble. 
Their composition is non-stoichiometric and depends on the 
conditions under which they are precipitated. The materials 
which have so far been synthesized include the phosphates, 
arsenates, molybdates, tungstates, antimonates, silicates, 
vanadates and tellurates of zirconium, titanium, thorium, 
tin, cerium, chromi\im, iron, niobium,tantalum, etc. Tables 
2 and 3 summarize the miscellaneous poly basic acid salts 
possessing ion exchange properties. Zirconium phosphate is the 
most extensively studied ion exchanger of this category. 
It has been known for over a hundred years (164). But its 
use as an ion exchanger is of rather a recent origin(165). It 
is highly selective for cesium. More recently it has found 
potential application in many other areas such as hydrogen-
oxygen fuel cell, desalination and artificial kidney 
machines. 
In heteropolyacid salts the parent acids belong to the 
class of 12-heteropolyacids having the general formula 
H^ JCY. o.Q.n.H 0 where X may be one of the several elements 
including phosphorous, arsenic and silicon and 1 a different 
element such as molybdenum, tungsten and vanadium. The 
heteropoly compounds especially those of 12-molybdo compounds 
are quite strong oxidising agents. Buchwald and Thistlewaits 
first recognised that the addition of foreign ions into 
ammonium molybdophosphate structure during precipitation 
occurred by a potentially useful cation exchange process. They 
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4* *f* '4* 
demonstrated the sorption of macro-quantities of K , Rb , Cs 
and Tl"*" by ammonium molybdophosphate from acidic nitrate 
media at room temperature. Under similar conditions/ lithium, 
sodium, calcium, strontium and bariiam are sorbed only slightly. 
Much of the subsequent investigations of the ion-exchange 
properties of these salts have been carried out in the 
laboratories of Van R. Smit, Robb and_Jacob's and their 
coworkers(166-169). 
The hydrous oxides have also been the well established 
materials for ion exchange purposes. Freshly precipitated 
trivalent metal oxides are effective in this respect. For 
example, hydrous ferric oxide and ferric hydroxide readily 
absorb alkaline earth cations according to the law of mass 
action(170), other bivalent cations(171) being absorbed above 
pH 7. In this process, the alkali metals and alkaline earths 
are absorbed on the surface and are readily eluted while more 
highly charged cation Ce(lII), Y(III), Pm(III) , Ru(IV) are 
sorbed in bulk and eluted only with difficulty(172). Amphoteric 
oxides such as hydrous aliomina may absorb either cations or 
anions depending upon the pH of the solution and this has been 
ascribed to the following equilibria(173)t 
Al (OH) 2 + 0H~ = A K O H ) ^ = AIO(OH)" + H"*" 
Zinc oxide also shows amphoteric exchange properties(174). 
Freshly precipitated magnesium dioxide shows the scavenging 
properties towards fission products in solution(175-177). Mixed 
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oxides can be prepared In which second cations of higher charge 
than the parent cation is introduced into the structure. The 
resulting net positive charge being balanced by the presence 
of anion other than oxides and hydroxides. Examples of such 
2+ 
material include Zn(OH) in which Zn is partly replaced by 
3+ ' V 4+ 4+ 4+ 
Al and Al(OH) containing Si , Ti or Zr / the general 
4.4" 4+ 
formulae Zn, Al^(OH)^ x n and Al, „M„^ (0H)_ X . where M^ 1—n n z •'-"Q. H -^  G"-'-
is a tetravalent cation and X is a monovalent anion. Quadri 
valent metal oxides are also commonly used as inorganic ion 
exchangers such as Sio,* Sno^ "^ -^ 2^' "^^^o ^"^ 2r0 . Actually 
these materials do not possess simple oxide formula as given 
above unless they are ignited at high temperature. They are 
found to contain varying amounts of water which is not present 
as water of hydration since on heating it is lost continuously 
over a range of temperatures. Consequently, these oxides are 
usually described as hydrous oxides. 
The inorganic ion exchangers of 4th category are the 
insoluble metal ferrocyanides. They are easily prepared and 
have high ion exchange capacity. They are well known as 
scavengers for the alkali metals. They are useful in the 
separation of radio active wastes and fissionable materials(178) 
with less damage by radiation than their organic counterparts. 
Ferrocyanide molybdate was studied by Baetsley et al.(145) 
who determined structures by X-ray studies. They also used 
molybdenum and tungsten ferrocyanides for the separation of 
Cs-137 and Sr-90 from fission products in acidic medium. The 
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ion exchange properties of large number of insoluble ferro-
cyanides of various metals such as silver^ zinc, cadmium^ copper, 
nickel/ cobalt, lead, manganese, iron(III),titanium, zirconium, 
vanadium, molybdenum, tungsten, uranium, tin(II) have been 
studied. The recent trend has been in the study of the ion 
exchange properties of ferrocyanides adsorbed on silicagel(179) 
or resin beads(180). They have been reported to have reasonable 
stability in acids and alkalies and higher selectivity for 
alkali metals, especially CS-.137 than the simple salts. Amine 
based metal ferrocyanides have also received attention. They 
were first introduced by Hahn and Clein(181), who prepared a 
cobalt amine ferrocyanide. Later on Sn(II) and Sn(IV) amine 
ferrocyanides have also been prepared in these laboratories. 
It is clear from above that inorganic ion exchangers have 
become a well established analytical tool for the separation 
of metal ions. They have also been successfully used for the 
separation of organic substances like aminoacids(182) and 
alkaloids(183). 
Despite the large amount of work already carried out on the 
synthetic inorganic ion exchangers, the following problems are 
yet to be solved: 
i) To develop materials which are more thermally and 
chemically stable• 
ii) To synthesize materials of reproducible behaviour. 
Sometimes the samples prepared in different batches 
under the same conditions show different properties. 
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iii) Ion exchange materials specific for only one metal 
ion are not well known. 
iv) Anion exchange studies on these materials are 
comparatively few. 
v) Behaviour of organic substances towards these materials 
have not been studied systematically. 
With these points in view* the synthesis of new inorganic 
ion exchange materials are still of importance in order to obtain 
a chemically stable and reproducible material 
The detection and determination of organic functional 
groups is one of the most fascinating chapter in the analytical 
chemistry of organic compounds. Detection can be achieved 
either by using instrumental methods such as IR,UV, NMR, and 
mass spectrometry/ or non-instrumental techniques such as 
color reactions and spot tests. In fact/ instrumental methods 
are very sensitive and specific but they are not sosimple 
and rapid. The non-instrumental methods have the advantage 
of being fast, simple and inexpensive. The most versatile 
non-instrumental methods are probably the spot test first 
described by Feigl (184). 
The term "spot test analysis" is a generic term referring 
to sensitive and selective tests based on chemical reactions 
whereby use of a drop of test or reagent solution is an 
essential step. The tests are microanalytical or semi-micro-
analytical in nature and are applicable for the investigation 
of both inorganic and organic compounds. An important part in 
the spot test analysis is played by the actual manipulation 
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with drops of unknown substances and reagents. 
The tests are ordinarily run by using one o£ the following 
techniques: 
(1) By bringing together one drop each of the test solution and 
reagent on porous or non-porous supporting surfaces such as 
paper, glass or porcelain. 
(2) By placing a drop of the test solution on a medium impre-
gnated with appropriate reagents (filter paper, asbestos, 
gelatin). 
(3) By subjecting a drop of reagent or a strip of reagent 
paper to the action of liberated gases from a drdp of the test 
solution or from a minute quantity of the solid specimen. 
(4) By subjecting a drop of reagent or a strip of reagent 
paper to the solid specimen. 
(5) In an extended sence, spot reaction may also include tests 
accomplished by adding a drop of the test solution to a larger 
volume (0.5 to 2 ml) of reagent solution and then extracting 
products with organic solvents. 
Fujimoto et al.(185) proposed the use of resin spot 
techniques, to make these tests more elegant. They used the 
resin spot test for the detection of inorganic ions by using 
color reactions already known(186-188). Some tests have been 
d.escribed for the detection of phenol, aliphatic amines. 
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primary aromatic amines; aldehyde and substituted hydrazines 
(189-191). 
The choice of procedure to be followed will ordinarily be 
dictated by the nature of the sample and reagent available. The 
essential requirements for the successful application of spot 
test procedure include (i) a knowledge of the chemical basis 
of all details of the tests used so that every step of the 
procedure can be understood and executed intelligently, (ii) 
strict observance of trustworthy experimental condition, 
(iii) scrupulous cleanliness of the laboratory and equipments, 
and (iv) the use of purest reagents available. Tests should 
be repeated to ensure reproducibility. It should always be a 
rule also to run both blanks and controls. 
Fatty acids occur largely in nature as building block 
components of the saponifiable lipids, but only in traces in 
free (unesterified) form in cells and tissues. Well over 100 
different kinds of fatty acids have been isolated from various 
lipids of animals, plants and micro-organisms. All possess a 
long hydrocarbon chain and a terminal carboxylic group. The 
hydrocarbon chain may be saturated as in palmitic acid or it 
may have one or more double bonds as in oleic acid. Pew fatty 
acids contain triple bonds. Table 4 gives the structure of some 
naturally occurring saturated and unsaturated fatty acids. 
Sane generalization can be made on different fatty acids 
of higher plants and animals. The most abundant have an even 
nximber of carbon atcams with chain between 14 and 22 carbon 
Table 4 
Some naturally occurring fatty acids 
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S.No. Structure Common names 
I. Saturated fatty acids 
1 CH2(CH2)J_QCOOH 
2 CH3(CH2)^2^00H 
3 CH2(CH2)j_4COOH 
4 CH^ (CHj) j_^COOH 
5 CH3(CH2)j_gCOOH 
6 CH3(CH2)22COOH 
Laurie acid 
Myristic acid 
Palmitic acid 
Stearic acid 
Arachidic acid 
Lignoceric acid 
II• Unsaturated fatty acids 
1 
2 
3 
4 
5 
CH2(CH2)5CH = CH(CH2)7COOH 
CH2(CH2)^CH = CH(CH2)7COOH 
CH (CH2).CH = CH CH CH = CH (CH2)7COOH 
Palmitoleic acid 
Oleic acid 
Linoleic acid 
CH2CH2CH = CHCH CH = CH CH CH = CH(CH2)7C00H Linolenic acid 
CH3(CH2)^(CH = CHCH2)3CH = CH(CH2)3COOH Arachidonic acid 
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atoms long but those with 16 or 18 carbons predominates. The 
most common among the saturated fatty acids are palmitic acid 
(C16) and stearic acid (CIS) and among the unsaturated fatty 
acids, oleic acid (CIS). Unsaturated fatty acids predominates 
over the saturated ones, particularly in higher plants and 
animals living at low temperature. The double bonds of nearly 
all kinds of naturally occurring unsaturated fatty acids are 
in cis geometrical configuration. Only a-few are trans. Bacteria 
contains fewer and simpler types of fatty acids than higher 
organisms. Fatty acids with an odd number of carbon atoms occur 
only in trace amount in terrestrial animals but occur in signi-
ficant amounts in many marine organisms. 
^^ atty acids required in the diet of mammals are called 
essential fatty acids. The most abundaht essential fatty acids in 
mammals is linoleic acid. Linoleic acid and y -linoleic acid 
cannot be synthesized by mammals but must be obtained from 
plant sources in which they are much in abiondance. Oleic acid: 
a cis isomer of unsaturated fatty acid is abundant in liquid 
vegetable oils. The oleic acid can be converted by catalytic 
hydrogenation into elaidic acid which has been found in the 
lipids of hioman tissues, presumably as a result of the consumption 
of such commercially hydrogenated products. 
Relatively very little work has been reported on the, 
detection of fatty acids as compared to other organic substances. 
Detection of fatty acids is therefore of biological and pharma-
ceutical importance. 
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Spectrophotometry is an important technique for the deter-
mination of substances at low level of concentration or at trace 
analysis level. Spectrophotometry applied in visible region, 
commonly known as colorimetry is preferred because of its 
simplicity and suitability. VJhen a color is observed by a 
particular reaction, colorimetric procedures are employed to 
determine the concentration of one of the reacting substances. 
Last few decades have seen an extensive development in this 
field. Although colorimetric methods are among the earliest 
instrumental techniques, but even today they are considered 
to be one of the top ranking methods because of their overall 
utility. These methods are based fundamentally on the light 
absorptive capacity of the colored materials in the solution 
form. The development of color is achieved by certain chemical 
reactions, e.g., by oxidation, reduction, acid-base reaction 
and complex formation. 
Colorimetry was recognised about the year 1850. From 1850 
to 1900 there appeared some well known methods mainly for 
inorganic analysis but the progress was slow. Interest has 
been developed in 20th century and mainly after 1940 in chemical 
analysis by the development of colorimetric determination of 
substances of inorganic and organic origin. The interest grew 
tremendously because of its demand in routine trace analysis. 
Studies towards inorganic side have been much exhaustive as 
compared to the organic sphere. The book"colorimetric deter-
mination of traces of metals" by Sandell(l92) has become a 
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classic book in the inorganic field. Snell and Snell(193) have 
also presented an account of the developments in this area. 
Boltz too have given a marvellous contribution for the 
determination of non-metals(194). The periodical review in 
even years of "Analytical Chemistry" presents an account of 
the developments in this field from time to time(195^196). 
For spectrophotometric determinations certain requirements 
must be fulfilled. The important ones are: selection of an 
optimiim wave length, application of Beer's Law* stability of 
the color formed (substances responsible for absorption), 
sensitivity and selectivity of the method. 
The selection of an optimum wave length can be made from 
the absorption spectrum such that the material of interest 
absorbs electromagnetic radiation at this wave length to a 
maximxam (or to a greater extent). At such a wave length the 
absorbance will be affected to a less extent by the interferences 
provided that the interfering substances do not absorb at this 
wave length. 
Beer's Law (or Beer-Lambert's Law) relates the absorbance 
with the concentration. In a general way a straight line is 
obtained on plotting absorbance against the concentration. 
The deviation from the straight line may also be observed 
beyond the range of applicability of Beer's Law. However, in 
certain cases, such calibration curves have also been used 
for determinations. 
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The sensitivity tells a minimxam amount (or concentration) 
of a component being determined. The selectivity gives the 
determination of one component or a group of components in 
presence of others. The reaction may sometimes be specific 
to be applicable for the determination of only single 
component. Such reactions are of enormous importance in 
chemical analysis. When a particular reaction is not specific, 
it can be made more selective or sometimes specific by the 
proper adjustment of the different variables. 
The stability of the complexes formed may also be deter-
mined by the application of spectrophotometry. Determination 
of mole ratio between the metal ion and the ligand is frequently 
used to identify the complexes formed as a result of chemical 
interactions. The mole ratio can be ascertained by three 
different procedures, viz., (1) the method of continuous 
variation attributed to job, (2) the mole ratio method 
introduced by Yoe and Jones, and (3) the slope ratio method 
given by Harvey and Manning. The use of the first two is in 
common practice today. 
In quantitative chemical analysis, the colorimetric deter-
minations of metal has been proved to be the most useful of 
all methods. Relatively less work has been reported on 
uranivim as compared to other like elements. Uranium is an 
important rare element which is used as a fuel in nuclear 
reactors. It is found as an essential constituent of but few 
minerals and rocks. Since it is found in contamination mostly 
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with columbium tantalum, thorium, zirconium and some of rare 
earths, its selective estimation is considered important in 
chemical analysis. 
The present work was under taken to synthesize stannic 
selenophosphate as ion exchanger and to study its properties. 
Metal ions separations of industrial and analytical importance 
have been achieved on its colvimns. Characterization between 
long chain saturated and unsaturated fatty acids has been done 
by a simple detection technique. A spectrophotometric method 
has been developed for the quantitative estimation of uranium(VI) 
with salicylaldimine antipyrine. 
The following pages summarize our findings in these 
directions. 
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C h a p t e r I I 
SYNTHESIS, ION EXCHANGE PROPERTIES AND APPLICATIONS 
OF THERMALLY STABLE STAtslNIC SELENOPHOSPHATE : 
COMPARISOSI WITH QPHER TIN ( I V ) BASED 
ION EXCHANGERS 
SYNTHESIS, lOvr EXCHANGE PROPERTIES AND APPLICATIONS 
OF THERr4ALLy STABLE STANNIC SELEN©PHOSPHATE : 
COMPARISON WITH OTHER TIN(IV) BASED 
ION EXCHANGERS 
INTRODUCTION 
The importance of synthetic inorganic ion exchangers has 
now been well established(l). Besides their nximerous analytical 
applications, they have been found useful in the fields of 
industry, medicine and biology. Simple salts of the metals 
which exhibit ion exchange properties have been much studied as 
compared to double salts. It has been found that heteropolyacid 
salts of some metals possess ion exchange properties different 
to the simple salts(2,3,4). The heteropolyacid salts usually 
show higher ion exchange capacities and are more thermally and 
chemically stable than simple salts. Stannic phosphate(5) and 
stannic selenite(6) have been found to exhibit excellent ion 
exchange properties. Since the double salts are found to show 
ion exchange properties different to the simple salts, it is 
important to observe the properties of the double salts produced 
by mixing phosphates and selenites of different metals. 
This chapter deals with the synthesis and ion exchange 
properties of Stannic selenosphosphate as a new ion exchanger. 
The results have been compared with stannic selenite, stannic 
phosphate and also with those of stannic tungstoarsenate(7), 
stannic molybdoarsenate(8) and stannic arsenophosphate(9). 
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EXPERIMENTAL 
Reagents 
Stannic chloride pentahydrate (E. Merk), Sodiura selenite 
(B,D.H.) and sodium dihydrogenphosphate (E. Mark) were used; 
other chemicals were of reagent grade. 
Apparatus 
The spectrophotometry^ IR studies, pH measurements and the 
>C-ray analysis were performed using Bausch and Lomb Spectronic-20 
spectrophotometer, Perkin-Elmer model 137 spectrophotometer, 
Elico pH meter model LI-lO and Philips X-ray diffractometer 
respectively. A temperature-controlled shaker (SICO) was used 
for shaking. 
Synthesis 
Stannic selenophosphate samples were prepared by adding a 
mixture of aqueous sodium dihydrogenphosphate and sodium 
selenite of 0.05M solutions each to 0.05M aqueous solution of 
stannic chloride in different volume ratio as indicated in 
Table 5. The pH was adjusted by adding dilute (5 %) hydrochloric 
acid solution or dilute sodium hydroxide. The gelatinous 
precipitate so formed, was allowed to settle down for 24 hrs, 
washed several times with demineralized water and filtered under 
suction. It was then dried at 40°C. This white hard substance 
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when immersed in water, broke down into smaller particles with 
slight evolution of heat. To convert it into hydrogen form the 
material was kept for two days in IM nitric acid solution. It 
was then washed with demineralized water to remove excess of 
acid. The conditions of preparation, ion exchange capacity and 
composition of various samples are reported in Table 5. 
Ion exchange capacity 
The ion exchange capacity of sample (SSP ) was determined by 
the column operation. One greim of the sample was packed into a 
column to form an ion exchange bed. It was washed with demineralized 
water to remove any excess of acid. 250 ml of l.OM solutions of 
different metal salts were passed through the column maintaining 
the flow rate 0.5 ml/min. The effluent was then titrated against . 
O.lN.NaOH solution to determine the milliequivalents of H ions 
released from the ion exchanger. The ion exchange capacities with 
different mono and bivalent ions are shown in Table 6. 
T^able 6 
Ion exchange capacity CpH^ 6) of stannic 
selenophosphate (sample SSP ) at 25 + 2°C 
M e t a l s o l u t i o n 
L iN03 • . . 
Nal<103 
.KNO3 
RbNO, 
iMg(N03)2 
C a ( N 0 3 ) 2 
S r ( N 0 3 ) 2 
B a ( N 0 3 ) 2 
C a p a c i t y , m e q / d r y g 
0 . 8 6 
1 . 3 4 
1 . 6 3 
0 . 8 6 
0 . 7 0 
0 . 8 7 
1 . 1 0 
0 . 9 2 
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Chemical stability 
A 0.5 g of the material (sample SSP ) was equilibrated 
with the 50 ml of the solvent concerned at room temperature 
(25 + 2°C) and kept for 24 hrs with occasional shaking. Tin, 
selenium and phosphate released in the solvent were determined 
spectrophotometrically using hematoxylin, diaminobenzidlne and 
ammonium molybdate respectively as colouring reagents(lO,ll). 
The results are compared with those of stannic tungstoarsenate 
and stannic molybdoarsenate(7,8) in Table 7. 
Composition 
A 0.2 g of the sample was dissolved in hot concentrated 
hydrochloric acid. The solution was cooled and seleniiajn was 
estimated as selenium metal(11) after precipitation with 
sulphurd£o3Cide . solution. From the filtrate, the tin was 
precipitated using cupferron(ll) as precipitating reagent and 
filtered. The precipitate was then ignited to a constant 
weight and tin was determined as tin oxide. Lastly the phosphate 
content in the filtrate was determined titrimetrically(ll). 
pH titration 
pH titrations were performed using Topp and Pepper's 
method(12) for LICI-LIOH, NaCl-NaOH and KCi-KOH systems for 
sample SSP . In each system 0.5 g exchanger in H form was 
equilibrated with 50 ml solvent mixture in a shaker incubator 
for six hours at 25 + 2 C. pH titration curves for each system 
are shown in Fig. 1. 
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Thermal treatment 
To examine the effect of drying temperatures on the ion 
exchange capacity, the material was heated at different 
temperatures in a muffle furnace for one hr. The ion exchange 
capacities for K ion at different drying temperatures are 
reported in Table 8. 
IR-Spectr ophot ometry 
IR spectra of sample SSP dried at different temperatures 
were obtained by potassium bromide disc method (Fig. 2). 
X-ray diffraction analysis 
Nickel-filtered Cu-Ke<. radiation was used for X-ray 
diffraction analysis of the sample dried at 40°C. 
Distribution coefficients 
Distribution coefficients for different metal ions were 
determined by a published method(13). Kd values of different 
metal ions were determined by taking 0.5 g of exchanger in H** 
form and equilibrating it with 50 ml of the cation solution 
for 6 hrs in a shaker incubator at 25 + 2^C. The amount of the 
cations before and after equilibrium was determined by 
titrating with 0.002M EDTA solution. The distribution coeffi-
cients were calculated by the formula: 
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where I = voliime of EDTA used before equilibrixjm. 
F = volume of EDTA used after equilibrium. 
W = weight of the exchanger in grams. 
Kd values of several metal ions in different solvent 
systems are reported in Table 9. Kd values were also compared 
with some other Tin(IV) based ion exchangers as shown in 
Tables 10 and 11. 
Quantitative separations 
Important separations of metal ions were achieved on the 
columns of the exchanger. The column was prepared using 2.0 g 
of exchanger (150-200 mesh) in H form in a glass tube of 
internal diameter of 0.6 cm in each case. A mixture of the 
metal ions solution was poured into the colvimn. The solution 
was allowed to flow down through the column. The column was 
rinsed with a small amount of demineralized water. The metal 
ions adsorbed on the exchanger were then eluted with 
appropriate eluting reagent. The flow rate of the effluent 
was maintained at one ml/min throughout the elution process. 
The metal ions in 10 ml fractions of the effluent were collected 
and determined titrimetrically using 0.002M EDTA solution as 
a titrant. Fourteen separations of metal ions achieved, have 
been reported in Table 12. The elution patterns of metal ions 
are shown in Figs. 2,4, 5 and 6. 
Table 9 
Distribution coefficients for some cations on stannic 
selenophosphate (SSP ) in different medium 
57 
Metal ion 
Cu2-
Ni2+ 
Hg2-^ 
Co2+ 
Al^'* 
.Fe^^ 
Pb^ "*-
Zn2^ 
Cd2+ 
2+ 
Ba 
Ca2* 
Mn2+ 
Vo2-^ 
Th^* 
uol"*-
Ce^* 
Zr^* 
La^^ 
Nd^* 
Pr2+ 
Ho^* 
^ 3+ 
Dy Sm^* 
Water 
(pH = 5.8) 
940.00 
1020.00 
60.00 
2900.00 
2400.00 
900.00 
8500.00 
3360.00 
9900.00 
920.00 
1700.00 
920.00 
70.00 
3900.00 
4900.00 
9980.00 
4900.00 
9900.00 
12500.00 
33 28.00 
2150.00 
1983.00 
6400.00 
6420.00 
Kd (ml/g) 
O.OIM HNO^ 
197.00 
7.66 
60.00 
103.00 
1566.00 
150.00 
1128.00 
73.30 
138.00 
2.00 
125.00 
27.50 
50.00 
300.00 
4750.00 
9905.00 
1328.00 
4070.00 
12500.00 
800.00 
2150.00 
900.00 
3156.00 
1525.00 
O.IM HNO 
4.00 
0.97 
28.00 
37.50 
280.00 
100.00 
105.00 
1.20 
94.60 
0.99 
1.10 
1.00 
1.00 
14.30 
4400.00 
9900.00 
400.00 
1900.00 
3050.00 
63.60 
1.10 
66.60 
170.80 
158.00 
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Table 10 
Comparison of Kd values of metal ions on Tin(IV) 
based ion exchangers in water (pH ;:6 6) 
Metal ion 
Cu2-^ 
Ni2-^ 
Hg2* 
Co^-^ 
Al 
Fe"^* 
Pb2^ 
Zn2-^ 
Cd2+ 
Mg2+ 
Ba2* 
Ca2+ 
iMn^ "*" 
V02-^ 
Th^* 
C e ^ * 
Zr^* 
La^^ 
Nd^ -*-
Pr^ -^  
Ho3+ 
Dy3+ 
Sn?" 
SP 
51870 
-
-
96'70 
-
4207 
-
315 
~ 
-
-
2247 
2090 
-
-
•. 
-
~ 
-
-
-
-
-
- • 
ss 
C.A. 
1900 
2260 
610 
220 
110 
640 
1070 
3870 
300 
C.A. 
3600 
-
570 
2400 
C.A. 
-
C.A. 
C.A. 
C.A. 
C.A. 
-
-
C.A. 
Kd (ml/q) 
SSP 
940 
1020 
60 
2900 
2400 
900 
8500 
3360 
9900 
920 
1700 
920 
70 
3900 
4900 
9980 
4900 
9900 
12500 
3328 
2150 
1983 
6400 
6420 
SMA 
7500 
1050 
-
-
740 
150 
-
10650 
2150 
900 
2300 
1080 
10900 
-
-
~ 
-
-
11400 
-
25100 
26400 
5000 
1660 
SVP 
550 
60 
-
-
0 
0 
50 
1900 
3900 
60 
4500 
300 
420 
-
-
— 
-
-
-
-
-
-
-
-
SP = stannic phosphate 
SSP = Stannic selenophosphate 
SMA = Stannic molybdoarsenate 
SVP = Stannic vanadophosphate 
SS = Stannic selenite 
C.A. = Canplete adsorption. 
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Table 11 
Comparison of Kd va lues of metal ions on Tin(IV) 
based exchangers i n O.OIM HNO^  medium 
Metal ion 
Cu2+ 
Ni2+ 
Hg2-^ 
Co2-^ 
Al3+ 
Fe3+ 
Pb2* 
Zn2-^ 
Cd2-^ 
Mg2'^ 
Ba2* 
Ca2* 
Mn2+ 
vo2+ 
Th^-^ 
uof 
4+ Ce 
„ 4+ Zr 
La 
Nd 
Pr 
Ho^-^ 
Dy^ -" 
Sm3+ 
SP 
950 
540 
560 
160 
440 
60 
220 
510 
680 
110 
600 
520 
-
210 
960 
3020 
C.A. 
C.A. 
2250 
3 500 
— 
-
3840 
SS 
197 
7.7 
60 
103 
1566 
150 
1128 
73 
138 
2.0 
125 
27.5 
50 
300 
4750 
9905 
1328 
4070 
12500 
800 
2150 
900 
3150 
1525 
Kd (ml/g) 
SSP 
401 
68 
-
-
0 
2.0 
-
0 
262 
9.0 
251 
60 
116 
-
-
— 
-
850 
225 
408 
5200 
507 
948 
SMA 
510 
80 
-
-
240 
70 
-
140 
140 
110 
440 
110 
340 
-
-
— 
-
160 
800 
1160 
780 
1170 
780 
SVP 
500 
60 
-
-
0 
0 
160 
70 
10 
20 
30 
30 
0 
-
-
— 
-
-
-
-
-
-
-
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DISCUSSION 
It is apparent from Table 5 that the chemical composition 
of different samples of stannic selenophosphate prepared at 
pH = 1 is not altered by varying the mixing volume ratio of 
stannic chloride, sodixim selenite and sodium dihydrogen-
phosphate solutions. During the preparation of stannic 
selenophosphate it has been observed that when a mixture of 
sodium selenite and sodixom dihydrogenphosphate is added to 
the stannic chloride soltition containing sufficient hydrochloric 
acid to maintain pH around 1, precipitate appears immediately 
which settles down and easily filterable. On the other hand 
when the stannic chloride is added to the mixture of sodium 
selenite and sodium dihydrogenphosphate/ the precipitation 
occurs after sometime and do not settle even after being kept 
for more than 24 hrs and is difficult to filter. It is found 
that the ion exchange capacity of the stannic selenophosphate 
(1.63 meq/g) is much higher as compared to stannic selenite 
(0.75 meq/g) and stannic phosphate (1.26 meq/g) as shown in 
Table 13. It is interesting to note that the exchange capacity 
for alkali metals is greater than alkaline earths. The ion 
exchange capacity for alkali metals and also for alkaline 
earths increases in general with the decrease in hydrated 
ionic radii as expected. 
A comparison of the ion exchange capacities at different 
drying temperatures of various Tin(IV) based exchangers reveals 
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many Interesting features (Table 8). The exchange capacities 
of stannic selenophosphate, stannic arsenophosphate and 
stannic vanadophosphate(14) are much higher and the values lie 
very close with each other when the drying temperature is 40 C. 
A marked increase in the capacity was observed by Inoue(5) in 
the case of stannic phosphate when the drying temperature is 
raised to 100°C. While for other exchangers the capacity 
either remains the same or slightly decreases at this 
temperature. It is interesting to note that on increasing 
the drying temperature successively a significant loss in 
ion exchange capacity is observed in most of the cases. However, 
when the drying temperature is raised to 500 C, a remarkable 
loss in ion exchange capacity is noticed for all the materials 
except in the case of stannic selenite and stannic seleno-
phosphate. Therefore, stannic selenite and stannic seleno-
phosphate appear to be more theEmally stable ion exchange 
materials. It is also clear from the data that stannic 
selenophosphate possesses considerable exchange capacity even 
when drying temperature goes beyond 600°C. The capacity further 
drops to a negligible value (0.2 meq/g) when the drying 
temperature is increased to 800 C, due to the formation of 
respective oxides. 
The pH titration curves indicate that adsorption sequence 
for alkali metals in the acidic range (below pH 6) is K ^ Nc^/Li 
and is in accordance with the size of hydrated ionic radii. The 
same trend is also confirmed by ion exchange capacity data 
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(Table 6). In the pH region 6-7.5 Li is more strongly 
a. 
adsorbed than Na . If the pH is increased above 7.5, the 
adsorption sequence becomes Li \ K \. Na . This reversal 
of adsprption sequence of alkali metals on stannic seleno-
phosphate resembles with that of thorium tungstate and can be 
explained in the same manner(15). 
Stannic selenophosphate is highly stable in water and 
acidic solutions. It is clear from the Table 7 that moderately 
concentrated nitric acid, sulphuric acid and acetic acid do 
not have considerable effect on the chemical stability of the 
material. However, in concentrated hydrochloric acid and 
sodium hydroxide the exchanger dissolves significantly and the 
exchanger is completely soluble in higher concentration of HCl 
on prolonged heating. It is important to compare the chemical 
stability of stannic selenophosphate with other ion exchange 
materials in various solvents (Table 7). The order of chemical 
stability in most of the solvent is stannic selenophosphateV 
stannic tungstoarsenate\ stannic molytadoarsenate, It has also 
been inferred that stannic selenophosphate is more stable 
than simple salts, stannic selenite and stannic phosphate. 
Stannic selenophosphate has very high affinity for a number 
of metal ions, e.g., UO- , Th and rare earths in water and 
acid media. The same trend is observed in the case of stannic 
selenite. A decrease in Kd values with the decrease in pH is 
noticed in almost all the cases as expected. The increased acid 
concentration however has pronounced effect on the Kd values for 
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2+ 2+ 2+ 
c e r t a i n m e t a l i o n s , e . g . / Ni , Mg and Zn whereas i n t h e c a s e 
2^ 4+ 2+ 3+ 
of Uo„ , Th / Pb and La , t h e i n c r e a s e d a c i d c o n c e n t r a t i o n 
do n o t h a v e s i g n i f i c a n t e f f e c t on Kd v a l u e s s i n c e t h e u p t a k e of 
t h e s e m e t a l i o n s i s v e r y h i g h even i n O.IM n i t r i c a c i d . The 
s e l e c t i v i t y o r d e r of m e t a l i o n s f o r v a r i o u s T i n ( I V ) b a s e d i o n 
e x c h a n g e r s i n w a t e r a p p e a r s t o be a s f o l l o w s : 
i ) S t a n n i c s e l e n o p h o s p h a t e 
C d 2 * > Pb2-*-> V02-^ > Z n 2 ^ > A l 3 + > Co2* > N i 2 - ^ > Cu^ -*" 
F e 3 * > M n 2 + < ^ H g 2 + ; "^ ^ 
2+ \ ^ 2+ \ „ 2+ B a ^ * > Ca2*> Mg^*; 
La^* > Sm^* > Dy3-*- ;> Nd^^^^ Pr^"^ y Ho~ 
i i ) S t a n n i c m o l v b d o a r s e n a t e 
Mn2*> Z n 2 + > Cu2+> Cd2+> N i 2 + > F e 3 + > Al^*^; 
B a 2 * > C a 2 " ^ > Mg2+; 
Ho3^> P r ^ * ; > L a ^ * y D^^^-y Sn?" y Nd^"^; 
i i i ) S t a n n i c s e l e n i t e 
Cu2+> zn2+;^ C o 2 + > Ni2-«-. 
i v ) S t a n n i c p h o s p h a t e 
C u 2 * > F e 2 * > C a 2 * > Mn^+p. Z n ^ * ) Co^*; 
The differential selectivity of metal ions in acid 
solutions has made stannic selenophosphate a useful ion exchange 
material for many important separations. The practical 
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utility of this material has been demonstrated by achieving 
a number of important binary separations of the metal ions on 
the columns of stannic selenophosphate (Table 12). 
Separation of Zn fran Pb may be utilized for the recovery 
of Zn from galvanizing wastes. Separation of Co from Fe and 
Ni from Fe can be used for the determination of Ni and Co in 
ferromagnetic alloys (Co-Fe and Ni-Fe). Similarly separation 
of Cu from Fe may also be useful for the estimation of Cu in 
copper ore like chalcopyrite (CuFeS ). The X-ray diffraction 
analysis however shows that material is amorphous. 
The infra red spectra of stannic selenophosphate (Fig.2) 
dried at various temperatures show three absorption peaks. A 
strong and broad peak in the region 3600-3 200 cm" presents 
the interstitial water, free water and OH groups. Another 
sharp peak in the region 1700-1500 cm" with a maximum at 
1600 cm"" is characteristic of interstitial water. The third 
-1 "2 
peak in the region 1100-900 cm may be due to HPO group(16), 
IR spectra of the samples in H and K forms show no difference 
at 40 C. It is important to note that the absorption peak due 
to interstitial water (1600 cm*" ) persists upto 500°C. However, 
the peak vanishes completely when the drying temperature is 
increased to 800°C. 
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C h a p t e r I I I 
DIFFERENTIATION BETWEEN SATUE^TED AND 
UNSATURATED LONG CHAIN FATTY ACIDS 
DIFFERENTIATION BETWEEN SATURATED AND 
UNSATURATED LONG CHAIN FATTY ACIDS 
INTRODUCTia>J 
A simple selective test has been developed for the detection 
of saturated and unsaturated fatty acids on a micro scale. The 
formation of green colour complex of Cis-unsaturated fatty acid 
is based.on the reaction with p-dimethylaminocinnamaldehyde in 
presence of concentrated sulfuric acid. 
Various colorimetric methods for the detection and deter-
mination of free fatty acids in biological fluids and blood 
serum have been developed(l-6). Poly unsaturated fatty acids 
in different oils and fats have been determined spectrophoto-
metrically(7). Different classes of lipids have been identified(8) 
using various reagents. Many color reagents have also been 
compared for determination of free fatty acids in blood serum 
for their sensitivity and accuracy(9). A test for the 
differentiation between saturated and unsaturated fatty acids 
has been reported by Singh and Zuspan(lO). Although the method 
is simple, it lacks sensitivity. 
The present chaptet describes a method more selective in 
the sense that the distinction can be made even between Cis and 
trans species of the unsaturated fatty acid which is not possible 
by the previous method of Singh et al.(lO). 
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EXPERIMENTAL 
Reagents 
A saturated solution of p-dimethylaminocinnamaldeliyde 
(P-DAC) of Koch-light laboratories Ltd., Coinbook Bucks, England, 
was prepared in distilled ethanol (25 %), Solutions of fatty 
acids were also prepared in distilled ethanol. Purity of fatty 
acids were of acceptable grade checked by GLC. Pure 95-98 % 
solution of sulfuric acid of E. Merck India/ was used. 
Procedure 
0.05 ml of 0.1 % solution of fatty acids was placed in 
the spot test plate or in the micro test-tube followed by 0.2 ml 
concentrated sulfuric acid, 0.2 ml saturated solution of p-DAC 
was added, and then diluted to 1 ml approximately with ethanol 
(95 % ) . A green colour is developed just after adding ethanol 
in the case of Cis-unsaturated fatty acid at temperature 
25 + 2 C. A blank test was also performed to compare the colour 
at the same conditions. 
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RESULTS, AND DISCUSSION 
The following Cis-unsaturated fatty acids were detected 
by this test. Minimum amount is shown in parenthesis. Oleic 
acid (26.7 yig), Petroselinic acid (30 jag)/ Ricinoleic acid 
(29 jag)/ Undecenoic acid (27 jxg), Linoleic acid (32;ag)/ Ester 
of vernolic acid (52 )xg), Erucic acid (38 )ag)/ Linolenic acid 
(30 jug)/ Palmitoleic acid (34;ag)/ Selecholeic acid 'SG/ag). 
The following saturated fatty acids were tested which 
gave negative result. Undecanoic acid, Laurie acid, Myristic 
acid. Palmitic acid. Stearic acid, Arachidic acid and Behinic 
acid. 
Trans-unsaturated fatty acids (Elaidic acid, Palmitoelaidic 
acid) were also tested and found no positive response upto 
400 jag. 
The following nitrogen containing cc»npounds were tested 
and gave their characteristic red colour after a certain limit. 
However, it has been observed in few cases that the colour 
developed after sometime. The amount in parenthesis shows the 
maximum amount of foreign substances that can be tolerated in 
detection of 89 jag oleic acid. This means to say that the 
appearance of characteristic green colour of Cis-unsaturated 
fatty acid is not disturbed even when the test is performed in 
the presence of that compotind to a limit mentioned in the 
parenthesis. 
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Aniline (0,02 mg), Benzylamine (1.8 mg), Diphenylamine 
(0.005 mg)/ Pyrolidon (5.0 mg). Barbituric acid (6.0 mg)^ 
p-and.noben2oic acid (O.Ol mg), Brucine (2.5 mg)^ Nicotine 
(0.2 mg), 2-mercaptoethylanunoniximchloride (0.3 mg) and 
p-dimethylaminobenzaldehyde (O.Ol mg). However, if the amount 
of foreign substance cross the limit, pronounced interference 
is noticed in the form of red colour. 
A number of other organic cc«npounds were found not to 
interfere with the test. They include Hydrocarbons and their 
derivatives (benzene, toluene, carbon tetrachloride, bromobenzene, 
O-dichlorobenzene), Carbohydrates (lactose, fructose, glucose, 
starch). Acid (formic, acetic, citric, oxalic, benzoic). Phenols 
(pyrogallal, resorcinol, phenol). Ethers (dioxan, dlethylether), 
Alcohols (methyl, isopropyl, n-butyl). 
Unsaturation with particular stereoch^nistry of long chain 
fatty acids (of course the zig-zag due to tetrahedral bond angle) 
seems to play an important role in the reaction mechanism. The 
cis isomers are of low melting point susceptible and reactive 
than trans isomers. 
It may be assxxmed that concentrated sulfuric acid protanates 
the double bound of vinsaturated fatty acids, so the nucleophile 
p-DAC attacks leading to a charged structvire of green colour. 
In fact, p-DAC does not form a cyanohydrin(ll), because of the 
resonance interaction between the amino and carbonyl groups. 
Therefore, the following mechanism may be postulated 
(Scheme 1). 
/ Conc.H2S04 
\ 
H 
Cis-unsaturated 
fa t ty acid 
CH:=r^ CH 
H 
H3C CH3 H3C 
-CH- C H -
\ / 
H 
CH3 
CH2~CH 
I 
(Charqed structure)^ ^ ^ ^ ^ ^ ^ ^ 
SCHEME 1 
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This mechanism finds support from the work of Leonard and 
Paukstelis(12) who showed that pyrolidine perchlorate react with 
aromatic aldehydes and«^-B unsaturated aldehydes to form a 
condensation product having the grouping "p =» NC- The similar 
mechanism has also been proposed by Qureshi et al.(13). 
The final product of green colour is due to the fact that 
only charged structure contributes to resonance. The product 
is positively charged is again confixnned from resin bead 
experiment. 
Para-dimethylaminobenzaldehyde (P-DAB) also gives pink 
colour with Cis-unsaturated fatty acids. A comparative study 
shows that P-DAC is superior to P-DAB with sensitivity and 
stability of colour. 
It was foxind that coloured canplex formed between p-DAC and 
unsaturated fatty acids did not observe Beer's law and therefore, 
the quantitative estimation could not be done colorimetrically. 
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C h a p t e r IV 
SELECTIVE SPECTROPHCTOiMETRIC DETERMINATION OF 
URANIUM ( V I ) USING SALICYLALDII4INE ANTIPYRINE 
SELECTIVE SPECTROPHOTOMETRIC DETERMINATICW OF 
URANIUM (VI) USING SALICYLALDIMINE ANTIPYRINE 
INTRODUCTICa^ 
Uranium is not an excessively rare element. Its minerals 
occur most frequently in highly siliceous rocks, granites and 
sedimentary sandstones. It is estimated that about four parts 
per million represents the average distribution in the earth's 
crust. The elanent occurs combined in association with silicates, 
phosphates and zirconates of the rare earths and with niobium, 
tantalvim and thorium. Pitchblende is an amorphous oxide approxi-
mating the composition U Og, often occurring in association with 
sulfide minerals in the deposits of Joachimsthal, Bohemia, Zaire 
and in the Canadian deposits. Uraninite, a crystalline material 
approximates the ccxnposition uo^ but it is usually partially 
oxidized; its association is with pegmatites, frequently Ca, 
Th, Fe, Bi, Cu and Zn compounds are present. Carnotite, K 0, 
2U0-..V Oc and related secondary minerals are the major components 
of uranium ores of Western Colorado and eastern Utah. 
Since 1940 the exploration of nuclear energy has caused an 
intensive investigation of all phases of uranixim chemistry and 
the establishment of the properties of the transuranic elements. 
Prior to this period, uranium was chiefly derived as a by-product 
of the production of radixom and vanadium. Its early uses were in 
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the ceramic industry for producing various tints. Uranium 
glass is yellow and fluorescent. It has been used as a mordant 
in silk and wool dyeing, also in photography and in the production 
of pyrophoric alloys. Uranyl acetate is an important reagent in 
the detection and estimation of sodium. 
Since 1940s large effort has been expended in seeking 
various chromogenic agents for uranium. But still there are no 
specific ones and the most sensitive existing ones are less 
sensitive by a factor of five for uranium than they are for a 
considerable niimber of inorganic ions. Due to this lack of 
specificity/ colour methods are usually proceeded by a 
separation of uranium. Liquid-liquid extraction/ the simplest 
and most effective means of separating uranium from interfering 
species is particularly applicable for rapid analysis by the 
in situ technique. In this technique/ the chromogenic agent 
is added in a miscible solvent to the organic phase containing 
the extracted uranium. This saves a separate aqueous strip 
step. It is possible/ however/ to simultaneously strip and 
develop color(1). 
The three most sensitive chromogenic reagents in popular 
use are dibenzoyl methane (DBM)/ l-(2-pyridylazo)-2-naphthol 
(PAN), and 3-(2-arsonophenylazo)-4, 5-dihydroxy-2/ 7-naphthalene-
disulfonic acid (arsenazo). The molar absorptivities of these 
three uranium chelates/ under their respective colour development 
conditions are approximately 20,000. A molar absorptivity 
of 30/000 reported for uranyl betadiketone chelate/ a DBM 
82 
derivative with p-amino groups on the benzene rings/ is the 
most sensitive uranivun reagent(2). A large number of beta-
diketone uranyl chelates have been studied(2/3). Disadvantages 
are (i) limited number of useful solvent systems for liquid-
liquid extraction, (ii) high degree of dependence on acidity, 
and (iii) interference due to large niimber of metal ions. 
3-j(2-arsonophenylazo)-4, 5 dihydroxy-2*' 7-napthalene disul-
fonic acid (arsenazo), l-(2-pyridyla2o)-2 naphthol (PAN) and 
neothorn(4) reagents have also got high sensitivity for 
uranium but offer no general advantage compared to dibenzoyl-
methane(5,6). Thiocyanate is also a sensitive reagent for 
uranium(VI) determination but it cannot be used directly 
because of the interference from many cations and anions. The 
intensified yellow color produced by the addition of hydrogen 
peroxide to uranium(VI) was used in the early days of 
Manhatten project(7). The uranium(VI)-azidecomplex with a 
molar absorptivity of 6,000 is an improvement compared to 
thiocyonate(8). 8-hydroxy quinoline (oxine), diethyl dithiocar-
bomate (DEC) and acetyl acetone have also been used as 
reagents for the deterrrunation of uranium(VI). 
Recently various methods(9-20) have been developed for the 
spectrophotometric determination of uranium(VI) using different 
chrcmogenic agents but they suffer serious interferences of a 
large number of cations and anions. 
Antipyrine is an important derivative of 5-pyrazolone 
class and it is used for the detection and determination of a 
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number of compounds (21). Aminoantipyrine which is a dimethyl 
pyrazolone moiety has also long been used in the determination 
of copper, iron and silica(22). Aminoantipyrine being very 
useful reagent for detection and determination it has been 
decided to explore the potentiality of salicyldehyde 
derivative of amino antipyrine as a new reagent for spectro-
photometric determination of metal ions. 
This chapter deals with the spectrophotometric determination 
of uranium(VI) with salicylaldimine antipyrine. The most important 
feature of this method lies in the fact that uranium(VI) can be 
conveniently determined without prior separation from other 
metals. 
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EXPERIMEaSfTAL 
A p p a r a t u s 
Absorbance measurements were made with a Bausch and Lomb 
spectronic-20 colorimeter. 
Reagents 
All the reagents used were of analytical grade. 
Preparation o£ liqand 
The ligand was prepared by mixing one mole of salicylde-
hyde with one mole of 4-amino antipyrine dissolved in ethanol. 
The mixture was refluxed for four hours and allowed to cool; 
Then the resulting solution was concentrated and kept for 
slow cooling. The crystals were separated out which were 
recrystallized from ethanol. Melting point of the product was 
found to be 197-198°C. 
Preparation of solutions 
O.OOl M uranyl nitrate and 0.001 M salicylaldimine 
antipyrine were prepared in ethanol. The solution of uranium was 
standardized by EDTA titration using standard procedure(23). 
Recommended procedure 
To a 3 ml solution of salicylaldimine antipyrine in a 
test tube/ 0.2 ml of uranyl nitrate solution was added followed by 
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shaking. The yellowish orange color immediately develops 
in approximately neutral solution (pH-6-7). The mixture was 
now made upto 10 ml in standard flask with ethanol. The 
absorbance of the resulting yellowish orange solution was 
made at 410 nm. against a reagent blank prepared under the 
same conditions. 
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RESULTS 
Absorption spectrum 
The variation in absorbance with respect to wavelength 
of yellowish orange complex formed by the action of salicyl-
aldimine antipyrine on uranyl ions was observed. The maximum 
absorption occurred at 410 nm. The absorption spectrum is 
shown in Fig.7. All the measurements, therefore were made at 
this optimum wavelength. In order to find out other optimum 
conditions for the determination of uranyl ions. The effect 
of the following variables was studied. The procedure had 
been summarised below. 
Determination of composition of Uranium(VI) complex 
Job's method of continuous variation was used to study the 
composition of the complex. It was found to be 1:1 complex. One 
ml of metal solution was taken and 11 ml of ligand was added. 
The mixture was shaken and the absorbance was recorded at 
410 nm against the blank prepared under the same conditions. 
The experiment was repeated with varying volumes of metal and 
ligand ratio keeping the total volume of the mixture 12 ml in 
each case. The mole fractions of the metal were plotted against 
absorbance (Fig. 8). 
The composition of the complex was also studied by the 
slope ratio method. A set of solutions was prepared by mixing 1 ml 
of metal with increasing volumes of ligand and the total voliime 
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of the solutions was made up to 10 ml with ethanol. The same 
procedure was repeated with different volxames o£ metal mixed 
with 1 ml of ligand in each case and the absorbance was measured. 
The mole ratio of the ligand and the metal were plotted against 
absorbance as shown in Fig. 9. 
Effect of time 
3 ml of O.OOIM ligand solution was taken and 0.4 ml of 
O.OOIM metal solution was added to it. Now the solution was 
made up to 10 ml and was shaken well. The absorbance was recorded 
as a function of time and it was found that the complex formed 
is stable over a period of 2 hrs. 
Effect of temperature 
3 ml of O.OOIM ligand was taken and 0.4 ml of O.OOIM metal 
solution was added to it. Now the solution was made up to 10 ml 
and was shaken well. The absorbance was recorded as a function 
as temperature and it was found that increase or decrease in 
temperature cause no effect on the stability of the complex. 
Effect of pH 
It has been found that the experimental pH of the coloured 
solution lie between 6-7. No buffer solution has been used 
since the medixim of reaction is alcoholic. 
Calibration curve 
Yellowish orange coloured complex formed by salicylaldimine 
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antipyrine followed Beer-Lambert's Law from 47.6^g to 332 ug. 
The results are shown in Fig. 10. 
Precision and accuracy 
The reproducibility of the method was checked by employing 
two sets of eight replicate determinations and percentage errors 
were calculated for each set. The results are given in Tables 
14 and 15. 
Interferences 
To see the practical applicability of the method, even in 
the presence of foreign substance/ interferences of a number 
of cations and anions were studied. The results have been 
summarised in Table 16. 
Procedure 
The a 47.6 ^g uranium solution was added the variable 
amounts of different metal ions and the colour was developed 
using the standard procedure as described above. The absorbances-
were recorded and compared with the values in the calibration 
curve (Fig. 10). 
The effect of synthetic mixture of metal ions containing 
Fe^*, Cu^*, Ni^*, Co^ **" and Cr-^**" (each 500yug) was also added 
to the uranium solution and the results were compared in the 
calibration graph. 
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Table 16 
Effect of foreign ions in the determination of 
uranixim (VI) 
U(VI) = 47.6 ^g 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Name of foreign 
ions 
p^3+ 
Cu2+ 
Cd2-^ 
V Q 2 + 
yS + 
Al3+ 
Zn2+ 
La 
Ce^^ 
Th^* 
Zr^* 
Pt^-^ 
•4* 
Na 
Ba2-^  
Sr2+ 
Ca2+ 
Mg2-^  
Pb2* 
Ag 
T 3 + 
In 
Hg2* 
Bi3-^  
Sn^* 
K* 
Sb2* 
Fe^ -^  
Ni2+ 
Co^-^ 
Cr^ -^  
Mn^ -^  
Limit of tolerance 
(yug) 
150 
200 
500 
500 
500 
500 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
200 
200 
200 
200 
(Contd.) 
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Table 16 (Contd.) 
S.No. Name of foreign ions 
Limit of tolerance 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
Molybdate 
Phosphate 
Sulphate 
lodate 
Tungstate 
Oxalate 
Tartarate 
Citrate 
Thiocyanate 
Br ornate 
Chlorate 
Chloride 
Bromide 
Iodide 
Acetate 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
2000 
2000 
2000 
2000 
y 
0.1 -
0.6 
0.5 
g 0.4 
< 
m 
cc 
^ 0.3 
< 
0.2 
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± X ± X 
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Fig. 10 Calibration curve for Uranium(V ! ) -
SaKcylaldimine complex 
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DISCUSSION 
The results o£ the above studies reveal that the formation 
of yellowish orange complex by the interaction of uranium with 
salicylaldimine antipyrine can be successfully utilized for 
the determination of uranium(VI). The absorption spectrum of 
the complex (Pig. 7) shows that most efficient absorption 
occurs at 410 nm. The absorbance of the colored complex 
increases linearly with the increasing amounts of uranium ions. 
The calibration graph (Fig. 10) gives a straight line passing 
through the origin. The Beer's Law obeys over a range of 
uranium 4.7 aig to 33.2 )ig/ml. It has been found that the pH 
of the solution of the canplex lies in the region 6-7 in all 
the cases. It has been noticed that the color of the complex 
is not stable and fades immediately both in acidic and alkaline 
range. However, the temperature and time do not affect the 
absorbance. The color of the complex remains stable over a 
period of more than two hours and at all the temperatures as 
high as 120°C. 
Interference study reveals that the method can be conve-
niently used for the determination of uranium(VI) ion without 
prior separation of many metal ions and anions. Cadmium, 
vanadiiom, yttrium, aluminum and iron(II) tolerated in the 
ratio of 1:10 but ions such as copper nickel cobalt, chromium, 
manganese, molybdate, phosphate, sulphate, citrate, thiocyanate, 
brcxnate and chlorate are tolerable in the ratio of 1:4. Iron(III) 
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is found to interfere seriously in the determination. However, 
this can be tolerated when present in the ratio of 1:3. 
The reproducibility of the procedure was checked by eight 
replicate determinations as whown in Tables 14 and 15. The 
standard deviations for the two sets of observations are found 
to be 1.407 and 1.293 respectively. Therefore* the errors 
are well within the range for the spectrophotometric 
determination. 
Job's method of continuous variation and slope ratio method 
suggest*the molar ratio of uraniiom and salicylaldimine 
antipyrine in the complex is 1:1. (Fig. .8). On the basis of 
the above composition the tentative structure of uranium(VI)-
salicylaldimine complex can be proposed as shown in Fig. 11. 
The stability constant of this complex as evaluated by 
4 
Job's method is 4.75 x 10 . 
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4 Eine Justage der Quarzkuvette und eine Anheizzeit fur 
den Brenner bis zur Temperaturstabilitat entfallt 
5 Die Methode ist auch dann anwendbar, wenn kein 
Brenner zur Verfugung steht Dies durfte insbesondere m 
Laboratorien der Fall sem, die sich ausschliefilich mit Schwer-
metallbestimmungen im Spurenbereich beschaftigen 
Fehler bei der Bestimmung von Arsen im Spurenbereich 
nach der Hydridmethode werden m der Literatur in aller 
Regel bei der Entwicklung des Arsenwasserstoffes beschrie-
ben [3] Diese Storungen, insbesondere durch Fremdionen, 
konnten bei der Bestimmung von Arsen im Urin bereits nach 
der »on-line«-Melhode weitgehend ausgeschlossen werden 
[5] Die Verwendung der beschriebenen »off-line«-Methode 
fuhrt bei gleicher ArSenkonzentration des Ausgangsmaterials 
zu einer Vernngerung der einzusetzenden Probenmenge und 
damit der storenden Matrixeffekte 
Der aus dem Emleitungsrohr stromende Gdsdruck ver-
hmdert offensichtlich, daB sich Arsen am oder im Emleitungs-
rohrchen mederschlagt Emc Kontamination des Rohrchens 
findet nicht statt, wie Untersuchungen des Rohrendes auf 
Arsen nach 100 Emleitungen von jeweils 100 ng Arsen gezeigt 
haben Auch die Graphitrohrkuvette zeigt keinen Memoryef-
fekt, wie mehrfaches Wechseln zwischen Proben mil 1 jig 
Arsen und Blindwert gezeigt haben 
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Differentiation between Saturated 
and Unsaturated Long-Chain 
Fatty Acids 
S A Nabi*, M Khan, and A R Siddiqui 
Dept Chem , Muslim Univ , Aligarh-202001, India 
Unterscheidung zwischen gesattigten 
und ungesattigten langkettigen Fettsauren 
Key words: Nachw von Fettsauren, Unterscheidg von ges 
und unges langkett 
A test foi the differentiation between satuiated and unsatura-
ted long-chain fatty acids has been described by Singh and 
Zuspan [1] As this test lacks sensitivity we have worked out 
another one which is moi e sensitive and permits a differentia-
tion also between cis- and trans-acids which cannot be 
distinguished by that test Our method is based on the 
leaction with p-dimethylaminocinnamaldehyde (p-DAC) 
and IS earned out as follows 
0 05 ml of ~ 0 1 % solution of fatty acid is placed on a 
spot test plate oi in a micio test tube followed by 0 2 ml of 
cone sulphui ic acid, 0 2 ml of a satui atcd ethanolic solution 
of p-DAC IS added, and then diluted a little with ethanol A 
green colour is developed in the case of cis-unsaturated fatty 
acid A blank test is also pcifoimed to compare the colour 
The following cis-unsaturated fatty acids were detected 
by this test (minimum amount is shown in parenthesis) Oleic 
acid (26 7 |.ig), petrosehmc acid (30 ng), ricmoleic acid (29 |ig), 
undecenoic acid (27 \ig), Imoleic acid (32 |xg), ester of vernolic 
acid (52 \xg), erucic acid (38 (ig), Imolemc acid (30 |ig), palmi-
toleic acid (34 |ig), selecholeic acid (56 ng) 
The following saturated fatty acids gave negative results 
undecanoic acid, lauric acid, myristic acid, palmitic acid, 
stearic acid, arachidic acid and behinic acid 
Trans-unsaturated fatty acids (elaidic acid, palmitoelai-
dic acid) were also tested and no positive lesponse was found 
up to 400ng The following compounds weie found to 
interfere by the formation of a red colour, however the 
amounts given in parentheses are tolerable 
Aniline (0 02 mg), benzylamine (1 8 mg), diphenylamine 
(0 005mg), pyiolidon (5 0mg), barbituric acid (6 0mg), 
p-aminobenzoic acid (0 01 mg), brucme (2 5mg), nicotine 
(0 2mg), 2-mercaptoethylammonium chloride (0 3mg) and 
p-dimethylaminobenzaldehyde (0 01 mg) Othei organic 
compounds not causing any interferences aie hydiocaibons 
and their deiivatives, carbohydrates, acids (such as formic, 
acetic, citiic, oxalic, benzoic), phenols, ethers and alcohols 
Reference 
1 Eric Singh, J , Zuspan Frederick, P J Chem Educ 
50(10), 669 (1973) 
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Anwendung der Graphitrohrktivette 
zur Arsenbestimmung in biologischen Proben 
mit der Hydrid-AAS-Technik 
G Drasch*, L v Meyer und G Kauert 
Inst f Rechtsmedizin der Univ Munchen, 
Frauenlobstr 7a, D-8000 Munchen 2 
Application of the Furnace Atomic Absorption Method for the 
Detection of Arsenic in Biological Samples by means of the 
Hydride Technique 
Key words: Best von Arsen m Biolog Material, Spektrome-
trie, Atomabsorption, Graphitrohrkuvette, Hydridtechnik 
Seit Jahrtausenden kommt dem Arsen eine hohe Bedeutung 
m der forensischen Toxikologie zu [1] Aus diesem Grunde 
wurden zahlreiche Methoden zum qualitativcn und quantita-
tiven Nachweis von Arsen aus biologischem Material entwik-
kelt Die z Z wohl gebrauchlichste Methode stellt die AAS in 
ihren verschiedenen Variationen dar 
Unter diesen ist die Graphitrohrtechnik zwar prinzipiell 
die Methode mit der medngsten absoluten Nachweisgrenze 
[4], die Anwendung dieser Methode zur Arsenbestimmung m 
biologischem Material ist jedoch durch drei Dmge erschwert 
1 Arsen ist ein relativ leicht fluchtiges Element (Sublima-
tionspunkt 6l3°C) 
2 Die Resonanzlinien des Arsens liegen bei 193,7 nm und 
197,2 nm, d h im beginnenden Vakuum-UV 
3 Die emsetzbare Probenmenge ist auf max 50 |.il be-
grenzt Hierdurch liegt die Hydrid-Technik (Probenmenge bis 
50 ml) m der relativen Nachweisgrenze um ca den Faktor 10 
besser 
Zur Methode der Wahl hat sich daher m den letzten 
Jahren die Hydnd-AAS-Technik entwickelt Hierbei wird m 
einem ReaktionsgefaB zur sauren Probenlosung langsam eine 
Losung von Natrium-borhydnd zugetropft Hierdurch wird 
Arsin (AsHj) gebildet, das mit He odei N2 in eme auf uber 
850°C erhitzte Quarzkuvette ubergetneben wird, die sich im 
Strahlengang des Spektrometei s bcfindet Das Arsin disso-
ziiert bei dieser Temperatur zu Wasserstoff und Arsen, das 
- ^ A s H -
Abb. 1. Giaphitrohikuvctte mit seithch eingeschobenem Ein-
leitungsrohr (Schnittzeichnung mit fieundlichcr Genehmi-
gung der Fa Bodcnseewerk Perkin-Elmer, modifiziert) 
* Korrespondenz-Anschiift 
dann Licht einer e/emcntspezrffschen Arsen/ampe dbsorbiert 
[5] 
Das im folgenden beschriebcne Verfahren stellt den 
Versuch dar, die Vorteile der Hydnd-Methode als sehr 
selektives Trennverfahren mit der Graphitrohrtechnik als 
hochempfindhche Nachweismethode zu kombinieren 
Methode Zui Entwicklung des Arsen-Wasserstoffs wird das 
kommerziell cihaltliche Quecksilber-Hydnd-System MHS-
10 (Perkm-Elmer) verwendet Statt auf die Quarzkuvette wird 
das Ende des Uberleitungsschlauches auf em Glasrohr (inne-
rer Durchmesser 2 mm) aufgesteckt (Abb 1) Das Ende des 
Glasrohres 1st zugeschmolzen, m einer Zone bis zu 50 mm vor 
diesem verschmolzenen Ende befinden sich mehrere Offnun-
gen (Durchmesser 1—2 mm) im Glasrohr 
Dieses Glasrohr 1st auf emem Schlitten fixiert und wird 
Von der Seite m das Graphitrohr einer herausgeklappten 
HGA 72 (Perkin-Elmer) soweit eingefahren, daB sich die 
Locher des Glasiohres mnerhaib der Giaphitrohrkuvette 
befinden Diese wird bei stehendem IneitgasfluR (»gas stop«) 
auf 370°C erhitzt und im EntwicklungsgefaB Arsin in ubli-
cher Weise erzeugt und ubergekitet [5] Ndch 30 s wwd das 
Emleitungsrohr aus der Graphitrohrkuvette gezogen, der 
»gas stop« gelost, die Graphitrohrkuvette in den Strahlen-
gang eingefahren und das Graphitrohr auf 2400° C erhitzt 
Die Extinktion wird bei der Wellenlange 193,7 nm gemessen 
Diskusiion Bei der vorgestellten »off-hne«-Methode wird 
zunachst, entsprechend der Probe nach Marsh [2], bei geeig-
neter Temperatur Arsenwasscrstoff zu Wasserstoff und 
Arsen dissoziiert Dieses Arsen schlagt sich im Graphitrohr 
nieder und wird anschlieBend in die Dampfform uberfuhrt 
Diese zeitliche Trennung von Dissoziation des Arsenwas-
serstoffs und Uberfuhrung des Arsens in die meBbare Dampf-
form bringt gegenuber der in der Literatur beschriebenen 
»on-line«-Methode [5] folgende Vorteile 
1 Die Freisetzung des gesamten Arsens erfolgt, bedingt 
durch die schnelle Aufheizrate der Graphitrohrkuvette, m 
Weniger als 1 s Demgegenuber 1st die Entwicklung des 
Arsenwasserstoffes erst nach 10 —20 s abgeschlossen Dies 
bringt in der Praxis eme Empfindlichkeitssteigerung um ca 
den Faktor 10 
2 Biologische Proben neigen teilweise zu starker 
Schaumbildung [6] Bei der »on-line«-Methode muB mit 
relativ hochkonzentrierter Natiiumborhydnd-Losung und 
hohem TragergasfluB gearbeitet werden, um eme moglichst 
hohe Konzentration an Arsen in der Quarzzelle zu erieichen 
Bei der »off-line«-Methode kann im Bedarfsfall die Natrium-
borhydnd-Konzentration und der TragergasfluB gesenkt 
Werden, wodurch (unter Inkaufnahme langerer Abschei-
dungszeiten) die Schaumbildung zuruckgedrangt werden 
kann Hierdurch wird bei der »off-line«-Methode die Emp-
findhchkeit nicht beeintrachtigt Erfahrungen aus der forensi-
schen Toxikologie mit sehr unterschiedlichem biologischen 
Probematenal haben gezeigt, daB auch bei Anwendung von 
Siliconentschaumern [6] die »on-line«-Methode manchmal zu 
so starker Schaumbildung fuhrt, daB die Methode nicht 
durchfuhrbar ist 
3 Die vorgestellte »off-line«-Methode stellt eme Anrei-
Cherungsmethode fur Arsen dar Es 1st daher moglich, mit 
emem kommerziell erhaltlichen Hydrid-Entwicklungsgerat 
das gcsamte Arsen auch groBerei Probenmengen durch 
sequentielle Arbeitsweise zunachst im Gi aphitrohr anzurei-
chern und dann auf emmal zu messen 
